The article investigates a SIQR epidemic model with specific nonlinear incidence rate and stochastic model based on the former, respectively. For deterministic model, we study the existence and stability of the equilibrium points by controlling threshold parameter 0 R which determines whether the disease disappears or prevails. Then by using Routh-Hurwitz criteria and constructing suitable Lyapunov function, we get that the disease-free equilibrium is globally asymptotically stable if 0 1 R < or unstable if 0 1 R > .
Introduction
Infectious diseases have always been a thorny issue that endangers human health, triggers social unrest and even affects national stability. Therefore, it is of great significance to take effective prevention measures to control the epidemic by establishing mathematical models with typical characteristics, discovering the transmission and development trends of infectious diseases. In the last decades, model. It is not difficult to find that a large amount of researches on the impact of quarantine on infectious diseases have been carried out so far [4] [5] [6] [7] .
And in 2017, Joshi et al. [8] studied a SIQR epidemic model with saturated incidence rate and proved the global stability of the disease-free and endemic equilibrium.
In order to realistically reflect the process of human-to-human disease transmission, it is very important to determine the specific form of the incidence function which describes the increased number of infected people per unit time and plays a vital role in epidemiological dynamics research. Due to the complexity of disease transmission in real life, many scholars admit that the nonlinear incidence function is more reasonable than the bilinear incidence and standard incidence. The specific nonlinear incidence ( ) ( ) ( ) ( ) ( ) time t, respectively. The parameter constants have the following biological meanings: A is the recruitment rate of the susceptible through birth and immigration; µ is the natural death rate of the population; 1 µ is the disease-caused mortality of infective individuals; 2 µ is the disease-caused mortality of quarantined individuals; β represents contact rate of an infected person with other compartment members per unit time; δ is the isolation rate of the compartment I quarantined directly to enter Q; γ is the recovery rate of infected individuals; ρ is the recovery rate of quarantined individuals. In addition, all parameters of model (1) are supposed to be nonnegative constants. Especially, A and µ are positive constants. In fact, any system is more or less affected by environmental factors. Stochastic models can predict the future dynamics of the system accurately compared to their corresponding deterministic models. Therefore, when establishing population model, many stochastic biological systems and stochastic epidemic models have been presented and studied [14] [15]. One of the most main ways to introduce random effects is to directly perturb the parameters of the deterministic model by Gaussian white noise. As an expansion of model (1), now we introduce white noises into (1) by substituting the parameters ,
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denote the intensity of the white noise.
Other parameters are the same as in model (1) . Hence, the stochastic system is described by
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This paper is organized as follows. In Section 2, we present some preliminaries which will be used in our following analysis. In Section 3, the existence and stability of the equilibrium points of deterministic system is analyzed. In Section 4, we study dynamics of the stochastic model. Firstly, the existence and uniqueness of the global positive solution is proved. Then, the extinction and persistence of the disease under certain conditions is discussed. Finally, numerical simulations are presented to illustrate our main results. Section 5 just provides a brief discussion and the summary.
Preliminaries
In this section, some notations, definitions and lemmas are provided to prove our main results. Let ( ) Consider the 4-dimensional stochastic differential equation
with initial value 4 0
x + ∈  . We define the differential operator L of Equation (3) as follows:
x xx
. By Itô's formula,
. For an integrable function χ on 
as t → +∞ , so that the second system is the limit system for the first system. Let
, , t t y ϕ be solutions of these systems, respectively. Suppose that e X ∈ is a locally asymptotically stable equilibrium of the limit system and its attractive region is
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The Existence of Equilibrium Points
For a population dynamics system, studying its equilibrium points is the precondition for predicting the development trend of populations within the system. 
Simultaneously, differentiating the function g, we gain ( ) 
The Stability of Equilibrium Points
In the biological sense, we analyze the stability of the disease-free equilibrium point and the endemic equilibrium point. 
Then we prove the global stability of the system (1) at the equilibrium 0 E Proof. Consider the Jacobian matrix of system (1) 
By utilizing Routh-Hurwitz criteria, we know that the system is stable if 1 2 , 0 a a > and unstable if 1 2 , 0 a a < . From the second equation of (4), we obtain ( ) ,  ,  ,  1  ,  1  ,  ,  ,   ,  ,  ,  ,  3  , , , 
, 0 for all 0 and 0,
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Existence and Uniqueness of the Global Positive Solution
In order to study the dynamics of stochastic models, the primary question to be considered is whether the solution is global and nonnegative existence. Although the coefficients of the model (2) satisfy the local Lipschitz condition, it's not enough to prove that the solution does not explode within a finite time for any given initial value. Hence in this section, we will show that the solution of model Proof. Since 
Define a 2 C -function 4 : (2) , refer to [12] . In addition, from biological consideration, we next focus on the disease dynamics of model (2) in the bounded set Γ .
The Extinction and Persistent in the Mean of the Disease
One of the most concerning issues in epidemiology is how to establish the threshold condition for the extinction and persistence of the disease. The target of this section is to study the extinction and persistence of the disease. First of all, we define corresponding random threshold as follows:
be a solution of system (2) for any given initial value 
Integrating both sides of the above inequality from 0 to t and dividing by t, we obtain ( ) ( ) ( ) ( )
. By the strong law of large numbers for local martingales [17] , we derive that
Since 0 1 S R < , Equation (10) 
We obtain the desired assertion (6).
If 2) holds, from Equation (9), we get We obtain the desired assertion (7) . And so
From the first two equations of system (2), there is
Integrating both sides of (13) from 0 to t and dividing by t, we have 
of system (2) is persistent in the mean for any given initial value 
Integrating both sides of (19) from 0 to t, there is 
Numerical Simulations
In this section, we numerically simulate solutions of the models by using the Milstein's method [18] to confirm main results. We compare the threshold parameters of the deterministic model and stochastic model to illustrate the effect of white noise on the system. The model (2) 
. Similarly, the model (1) can also be written in the above form. We just need to delete the disturbance term and will not repeat it here. Hence, the condition 1) of theorem 4.3 is satisfied. In Figure 2(a) , the class I exponentially decays to zero which indicates the extinction of the disease. Next, we let parameter 3 0.7 σ = and others are the same as above. In this case, , the class S, I, Q and R of deterministic model all exist, which means that the disease break out, but after adding white noise, except for the class S, the others tend to be 0. It reveals that the random fluctuations can suppress disease prevail.
Summary and Discussions
In this work, we investigate the deterministic and stochastic SIQR epidemic models with the specific nonlinear incidence. This incidence rate can become multiple types, and is more abundant than saturation incidence. We obtain the Journal of Applied Mathematics and Physics In future work, we will further consider the delayed SIQR model with this incidence and the SIQS model without permanent immunity.
